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Abstract: Buffaloes are essential part of the economy in many countries and provide sustainable food in addition to 
being working animals. Inefficiency in reproduction has become problematic in recent years due to a number of factors 
and although much research concentrates on the female, very little is known about the male buffalo reproductive system. 
To address this deficiency in the literature, testes were obtained from 20 clinically healthy water buffalo (Bubalus 
Bubalis) bulls aged 3 years old. Scanning electron microscopy showed that the Sertoli cells were columnar to triangle 
shaped with many processes. In the middle portion of the seminiferous tubules, the Sertoli cell had two types of 
processes with sheet like and slender cord like appearances. The sheet like processes had simple smooth margins 
originating from Sertoli cells, surrounding the surfaces of spermatogonia and spermatocytes. The slender cord like 
processes formed networks around other spermatogenic cells. Transmission electron microscopy showed that the Sertoli 
cells contained a large irregular shaped nucleus with deep nuclear membrane indentations, few mitochondria, 
aggregates of ribosomes and few rough endoplasmic reticulum which were observed within the indentations. Each 
nucleus contained a multivesicular nuclear body, containing vesicles, tubules and ribosome like dense structures. The 
work herein describes the structure and location of key reproductive cells within the water buffalo. Understanding the 
features of the male reproductive system is essential in order to advance studies into the reproductive decline of this 
species and the Bovidae family.  
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INTRODUCTION 
The water buffalo (Bubalus Bubalis) plays an 
important role in the economics and food supply of 
many countries. These include both tropical and 
subtropical regions including the Mediterranean, 
Australia, Indian sub-continent, South-East Asia, 
China, Africa, South and Central America, and 
numbers are significantly increasing in Europe too. The 
world population was estimated at 199 million animals 
in 2012 [1]. There are two distinct types of water buffalo 
which are classified as either swamp or river buffaloes. 
The river buffalo has many uses but is mainly used in 
the dairy industry in comparison to the swamp buffalo 
which is more commonly used for meat and as a 
working animal [2]. The areas in which the two types 
are distributed also differ slightly as the river buffalo is 
more commonly situated in the Caribbean, Africa, 
Indian sub-continent, Mediterranean regions, and 
South America, in comparison to the swamp buffalo 
which is predominantly found in South-East Asia and 
China [3]. The reproductive abilities of the water buffalo 
have become increasingly important, and a point of 
concern, due to its many roles throughout the world  
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and its economic importance. The water buffalo has 
become less efficient reproductively due to a number of 
reasons. Late onset puberty, lower numbers of ovarian 
follicles, ovarian quiescence, silent heat/silent estrous, 
variable ovulation timings, seasonal breeding, long 
postpartum anestrus and low conception rates [4-6] 
have all been highlighted as potential aggravating 
factors. Whilst optimised nutritional regimes and 
management regimes have helped fertility levels [7,8], 
pregnancy rates are routinely observed throughout the 
world at just 30-50% [1].  
While much scientific research has concentrated on 
the reproductive system and potential problems in the 
female, the male has received little attention in this 
regard. Studies carried out in 1990 and 1992 
highlighted some of the features of the testis using 
transmission electron microscopy in buffalo from Japan 
and Malaysia [7,9] but studies using scanning electron 
microscopy have not been carried out and fertility has 
rapidly declined since these studies 27 and 25 years 
ago. Artificial insemination techniques have been used 
in an effort to increase fertility but despite advances in 
technology and increases in efficiency over the last few 
years, cryopreserved semen remains less fertile [10-
12].  
Sertoli cells are known as ‘nurse-like’ cells as they 
aid with structural support and sustain nutrition to 
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developing germ cells [13,14]. Additionally, Sertoli cells 
form the blood–testis barrier (BTB), which divides the 
seminiferous epithelium into basal and adluminal 
compartments [15-17]. Morphologically, Sertoli cells 
are columnar-shaped, non-spermatogenic cells that 
extend centripetally from the basal lamina towards the 
lumen of the seminiferous tubule. The lateral contour of 
the cell carries numerous cellular processes and 
multiform recesses that trap germ cells either partially 
or completely inside [18-22]. Sertoli cells also contain 
long and thin mitochondria, lipofuscin and lipid droplets 
at the base of their cytoplasm [23,24].  
The present study provides essential morphological 
information at the ultrastructural level in order to further 
understand the reproductive system of the male water 
buffalo. This data is essential in order to start 
elucidating whether the reproductive efficiencies of the 
species could be monitored or enhanced and is an 
important addition to the research within the Bovidae 
family. 
MATERIALS AND METHODS 
The specimens were collected from Itay El-Broud 
slaughterhouse in the El-Behera province. Institutional 
ethical permission was granted by both Alexandria 
University and The University of Nottingham (non-
ASPA, ethical review number 1911 161206) and 
national and government ethics were adhered to. 
Specimens were grossly examined for any pathological 
abnormalities and samples were only collected from 
healthy males where abnormalities were not observed 
resulting in testes from 10 Egyptian water buffalos 
(Bubalus Bubalis) aged three years old from 20 
originally sampled. The testes were dissected free from 
the surrounding tissues immediately following 
slaughter, ensuring that the same portion was collected 
from each animal; the middle portion. 
Scanning electron microscopy (SEM) specimens 
(n=10) were immediately immersed in a fixative (2% 
formaldehyde, 1.25% glutaraldehyde in 0.1 M sodium 
cacodylate buffer, pH 7.2) at 4°C for 6 hrs. Once fixed, 
the samples were washed in 0.1 M sodium cacodylate 
containing 5% sucrose, processed through tannic acid, 
and finally dehydrated in a series of increasing 
concentrations of ethanol. The samples were then 
critical-point dried in carbon di-oxide, fixed on stubs 
with colloidal carbon and coated with gold palladium in 
a sputtering device. Finally, specimens were examined 
and photographed with a Jeol scanning electron 
microscope operating at 15 kilovolts (work carried out 
at the EM unit, Faculty of science, Alexandria 
University). 
For transmission electron microscopy (TEM) 1 mm 
thick tissue samples were extracted from each testis 
(n=10), fixed in 6% phosphate buffered glutaraldehyde 
solution (pH 7.4) for 6 hrs at 4ºC [25]. Following initial 
fixation, the tissues were washed in several changes of 
cold (4ºC) 0.1 M phosphate buffer solution every 15 
minutes for 2 hrs. The tissues were then post fixed 
in1% solution of osmium tetroxide in cold (4ºC) 0.1 M 
buffer (pH 7.2) for 2 hrs, rapidly dehydrated through 
ascending grades of ethyl alcohol, transferred to 
propylene oxide and placed in a 1:1 mixture of 
propylene oxide and epoxy araldite [26]. Semi-thin 
serial sections (1 µm) were stained with toludine blue 
and under visualised under a light microscope in order 
to select areas suitable for electron microscopy 
examination. Ultra thin sections (60-100 nm) were cut 
using a glass knife and microtome and stained with 
uranylacetate followed by lead citrate [26]. These 
sections were examined with Joel 100 cx transmission 
electron microscope operating at 100 kilovolts. 
RESULTS 
Sertoli cells of Egyptian water buffalo were tall 
columnar cells extending from the basement 
membrane to the lumen of the seminiferous tubules 
surrounding the other spermatogenic cells (Figure 1). 
 
Figure 1: Light photomicrograph of toluidine blue stained 
Egyptian water buffalo seminiferous tubule showing Sertoli 
cells (S), basement membrane (Bm) and spermatids 
(example depicted by arrow). Mag x400. 
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Figure 2: Scanning electron photomicrographs of the Egyptian water buffalo testis. a) Basal surface of seminiferous tubules 
showing polygonal compartment of basement membrane with a ‘tiled floor’ appearance and pits (arrow). b) Interior of 
seminiferous tubules depicting processes of Sertoli cells (arrow). c) Higher magnification of (b) depicting Sertoli cell processes 
(arrow). d) Middle portion of seminiferous tubules showing cylinder like process forming a network (marked by arrow head). e) 
Higher magnification photomicrograph of the middle portion of seminiferous tubules. Letters indicate Sertoli cells (S), early 
spermatids (e), basement membrane (Bm), spermatogenic cells (Sp), cylinder like process (C) and sheet like processes (H). 
SEM showed that the basal surface of the basement 
membrane appeared either smooth or had a slightly 
undulated appearance. There were many polygonal 
compartments on the basement membrane arranged in 
close proximity to each other with an appearance 
similar to a tiled floor (Figure 2a). Around the 
seminiferous epithelium, small pits were seen on the 
basal surface of basement membrane (Figure 2a). The 
spermatogenic cells were situated in compartments 
enclosed by adjacent Sertoli cells, on occasion Sertoli 
cells were obscured by the other spermatogenic cells. 
The Sertoli cells were columnar to triangle shaped with 
many visible processes (Figures 2b+c). In the middle 
portion of the seminiferous tubules, the Sertoli cells had 
two types of processes, sheet like and slender cord like 
processes (Figures 2d+e). The sheet like processes 
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Figure 3: Transmission electron photomicrographs showing the morphology of the Egyptian water buffalo testis. a) Seminiferous 
tubules showing an indentation (arrow head) and a basement membrane (arrow) Mag x1000. b) Higher magnification of 
seminiferous tubule shown in (a) highlighting indentations (arrow head) containing free ribosomes and rough endoplasmic 
reticulum (astrik) and showing a basement membrane (arrow) Mag x1500. c) Sertoli cell morphology showing vesicles containing 
flocculent material (U) Mag x5000. d) Sertoli cell showing lamellated (t) and sporadic (arrow) smooth endoplasmic reticulum Mag 
x2500. e) Sertoli cell with neighbouringspermatogenic cell nucleus (N) and adjacent spermatogonia (P) Mag x2000. f) Spermatid 
(Sd) showing sheath (arrow head) and dense fiber (arrow) Mag x2500. Unless otherwise stated, letter indicate the following 
structures: Sertoli cell (S), spermatogenic cell (Sp), Sertoli cell nucleus (N), myofibroblast (MF), mitochondria (m), lamellated (T) 
and sporadic (t) smooth endoplasmic endoplasmic reticulum, multivesicular bodies (v), lysosomes (L), hemidesmosomes (h), 
ribosomes(r) and basement membrane (Bm). 
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had simple smooth margins originating from Sertoli 
cells, surrounding the surfaces of spermatogonia and 
spermatocytes. The slender cord like processes were 
observed in the basal and middle portions of 
seminiferous tubules and formed networks around 
other spermatogenic cells (Figure 2d). 
TEM imaging of the samples showed that the 
buffalo Sertoli cells contained a large irregular shaped 
nucleus with deep nuclear membrane indentations. 
Few mitochondria, aggregates of ribosomes and few 
rough endoplasmic reticulum were seen within the 
membranous indentations (Figures 3a+b). Each 
nucleus contained a multivesicular nuclear body, which 
consisted of not only numerous vesicles, but also 
tubules and ribosome like dense structures. The 
vesicles had flocculent substance appearance and 
varied in size and number (Figure 3c). The cytoplasm 
of the Sertoli cells had numerous mitochondria ranging 
from round through to elongated shapes, and also 
contained ribosomes and lysosomes. Smooth 
endoplasmic reticulum existed in two forms, sporadic 
and laminated which included several layers and 
occupied a wide area within the cytoplasm (Figures 
3c+d). Spermatids were seen in the cytoplasm of 
Sertoli cells, occasionally these were surrounded by a 
sheath and dense fibre was surrounded by 
mitochondrial spermatid (Figures 3e+f). There were no 
clear junctions between each spermatid and the Sertoli 
cell. Myofibroblasts were seen around basement 
membranes of seminiferous tubules, and appeared 
elongated through to ovoid in shape and presented 
with a contracted nucleus each (Figures 3a+b). 
DISCUSSION AND CONCLUSIONS 
The present study showed that by SEM the 
basement membrane of the Egyptian water buffalo 
(Bubalus Bubalis) testis had polygonal compartment 
arranged in a compact manner, rather like a tiled floor, 
around seminiferous epithelium. It is proposed that this 
membrane plays an important role in ensuring fluid 
regulations from the intertubular medium toward the 
lumen of seminiferous tubules [27]. The Sertoli cells of 
Egyptian water buffalo in this study had two types of 
processes, sheet like and slender cord like processes, 
similar results were found in the Korean Native goat 
[28]. Research in other species (canine and rat) has 
shown that these slender cord like processes 
participate in disengagement of the residual body from 
the head of the spermatid just before spermiations 
[29,30]. This is the first time that the water buffalo testis 
has been examined using SEM, this therefore gives 
additional insight into the structure and morphology of 
the male reproductive system. 
Transmission electron microscope investigations in 
this study revealed that the Sertoli cell nucleus 
contained a multivesicular nuclear body (MNB), which 
itself contained tubules, ribosome like dense structures 
and a number of vesicles. The ruminant Sertoli cells 
differed from other species by presence of these 
atypical MNB structures [31-37]. It has been suggested 
that MNBs are similar to the nucleolar channel system 
found in the human endometrial glandular cell as they 
have a similar morphology [22, 31, 38, 39]. The 
nucleolar channel system periodically occurred and 
disappeared during the menstrual cycle, whereas the 
MNB continued was in situ in both the fetus and the 
adult. It has been suggested that the MNB might be 
able to communicate between the cytoplasm and 
perinuclear space [40]. It has also been hypothesised 
that the vesicles in MNB assist in the exchange of 
materials between the nucleus and cytoplasm [32]. We 
found that the vesicles of MNBs contained a flocculent 
material, which was surrounded by electron dense 
aggregates of ribosome-like particles, these structures 
were often associated with the nuclear pores and 
cytoplasm suggesting that they may be involved in the 
synthesis and transport of substances vital to the 
differentiation of germ cells [9]. Our study also revealed 
that there were numerous smooth endoplasmic 
reticulum existing in two forms, sporadic and laminated, 
this is further evidence that lipid and/or steroid 
metabolism are assisted by these cells [24]. 
Understanding the basic structure and ultrastructure 
of the water buffalo (Bubalus Bubalis) testis is an 
essential step towards understanding the fertility 
problems in this species and undertake comparative 
analysis with other mammals. Little is known about the 
male reproductive capacity and further studies can 
concentrate on whether the male buffalo structure and 
function are being affected and therefore adding to the 
decline in reproduction rates observed in this 
economically important animal. Advances in 
comprehension of the basic biology, structure and 
function of both the male and female assist with 
developing newer technologies that may help to 
overcome the present fertility crisis observed in the 
buffalo. Making advances in technologies such as 
progeny testing, sire evaluation, in vitro embryo 
production and artificial insemination can all be tailored 
in order to increase fertility rates worldwide.  
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